. Global annual mean estimated tropospheric OH reactivity shown in Fig. 1(b) . Table S3 . Global annual mean burden of secondary PM shown in Fig. 1(c) . Table S4 . Contribution to tropospheric ozone burden shown in Fig. 1(c) . Table S5 . Sources of secondary CO 2 production shown in Fig. 1 
(c).
Section S1. Methodology for estimating values in Fig. 1 Given uncertainties associated with the emissions, burdens, and impacts of short-lived atmospheric species, Fig. 1 is shown in relative terms. Below we describe the sources used, any assumptions applied to the calculations, and the values represented in the pie charts.
Emissions: Total emissions shown in Fig. 1a are based on global totals from two GEOS-Chem model studies representative of the year 2010. Emissions of CO, CH 4 , DMS, and ROC are taken from (58). Emissions of SO x , NO x , NH 3 , and BC are taken from (69). See respective references for a detailed description of the emission inventories used. Global emissions total 2906 Tgyr -1 ; table S1 provides a breakdown by species. Table S1 . Global annual emissions total shown in Fig. 1(a) .
Species
Annual Reactivity: OH reactivity shown in Fig. 1b was determined by multiplying the atmospheric burden (total molecules) of each species (58, 69) by its OH rate constant. Rate constants are those used in GEOS-Chem (58), evaluated at 288K and 1 atm pressure. This gives the relative reactivities of all components.
To estimate absolute reactivities in standard units (s -1 ), these values are divided by the approximate volume of the troposphere (5.12x10 24 cm 3 ). Summing these over all reactive species gives the global mean tropospheric OH reactivity of 0.77 s -1 ; table S2 provides a breakdown by species. ROC and CH 4 reactivities include contributions from secondary CO; see "Secondary CO 2 " (below) for a description of this allocation. Table S2 . Global annual mean estimated tropospheric OH reactivity shown in Fig. 1(b Figure 1c shows global burdens of secondary PM for all species from a GEOS-Chem global model study (69) (also used to estimate emissions and reactivity above) with the exception of organic aerosol (OA). The value for OA is taken from a more recent GEOS-Chem study which captures the magnitude of observed organic aerosol concentrations (31). The relative contribution of SO x and DMS to the sulfate burden is based on the ratio of global emissions of DMS and SO x from (58). We note that Fig. 1c necessarily associates nitrate and ammonium with NO x and NH 3 respectively, however the formation of ammonium nitrate clearly requires the presence of both NO x and NH 3 . The global mean secondary PM burden is estimated at 2.9 Tg; breakdown by species is shown in table S3. Table S3 . Global annual mean burden of secondary PM shown in Fig. 1(c Tropospheric Ozone: Figure 1c shows tropospheric ozone produced from CO, CH 4 , and ROC. The values shown here are from a global tagged simulation with the Community Earth System Model (CESM), as given in Table 2 of (68). This is the only such estimate in the literature to date. Note that this study provides an alternate tagging by NO x source as well; here we show the tagging by carbon source (i.e. the oxidized species which generates ozone), which implicitly assumes NO x catalyzed ozone formation (represented by the grey arrow in Fig. 1 ). No effort was made to adjust the values to correspond to the emissions and burden numbers corresponding to other simulations shown in Fig. 1 . The total tropospheric O 3 burden in this CESM simulation is 320 Tg; table S4 shows the percent contribution to this burden. Table S4 . Contribution to tropospheric ozone burden shown in Fig. 1(c) .
Fraction of Ozone Burden (%) CO 12.6 CH 4 45.6 ROC 41.8
Secondary CO 2 : The secondary CO 2 produced from oxidation of CO, CH 4 , and ROC shown in Fig. 1c is based on GEOS-Chem global model simulations (58). This study estimates a total of 1275 TgCyr -1 of secondary CO 2 is produced from CO, CH 4 , and ROC, with 905 TgCyr -1 of this passing via CO and 370 TgCyr -1 going directly to CO 2 . The contribution of CO emissions alone to secondary CO 2 production shown in Fig. 1c corresponds to the CO emissions with a small downward adjustment to account for stratospheric loss of CO. The remaining secondary CO 2 production is partitioned between ROC and CH 4 based on their relative global emissions (in units of TgCyr -1 ). Note that differential removal of intermediate products could alter this attribution, but a detailed global tagged simulation would be needed to precisely assess these differences. Table S5 provides the production of secondary CO 2 used in Fig. 1c . by species Table S5 . Sources of secondary CO 2 production shown in Fig. 1(c Fig. 3 The plots in Fig. 3 are intended to be purely qualitative. Values for carbon mass and volatility are not given, since these are likely to vary from location to location, and data to constrain these in a global sense are currently lacking. The shape of the volatility distribution, in which ROC mass increases approximately exponentially with log(volatility), is based on the comprehensive measurements of Hunter et al (9). Additional comprehensive measurements are needed to verify whether this shape is general across a wider range of environments, but the fractions of total ROC present as particulate carbon (5-10%) and the most volatile gas-phase species (>50%) are consistent with results from a range of field measurements (9, 32).
The timeline in Fig. 3 is based upon the development and adoption of the following instrumentation and techniques:
1999: Development of automated, online gas chromatography (70-72) enabled the near-real-time measurement of volatile organic compounds (VOCs), typically small (C2-C6) hydrocarbons. The application of proton-transfer reaction mass spectrometry (PTR-MS) to atmospheric chemistry measurements (73) increased the time resolution of VOC measurements, and expanded the range of species that could be detected in real time (to cover simple oxygenates and larger hydrocarbons). Only the most volatile species were measured in real-time: larger and/or less volatile species (semivolatile and intermediate volatility organic compounds, S/IVOCs, and particulate organic species), were measured using offline techniques only.
